associated with progressive neuropathies. While micromolar concentrations of long-chain acylcarnitine appear to be ''axonotoxic'' in cultured DRGs, a fundamental question is whether its levels found in vivo at sites of intimate contacts between SCs and axons can be sufficiently high to exert toxicity. Further work will be required to demonstrate that this is the case, either by blocking the synthesis of this lipid through genetic or pharmacological means or by identifying reagents, such as antibodies, that can sequester it or diminish its levels. However, the latter may be problematic if acylcarnitines accumulate locally at sites of SC-axon interactions and may not be easily accessible by antibodies. Additional key questions to answer regarding these lipids are how they promote toxicity. Typically, lipids exert their actions either through direct effects on lipid bilayers or via signaling mechanisms involving protein effectors. In the case of acylcarnitines, their soluble amphiphilic nature may endow them with surfactant properties, which could destabilize cellular membranes and lead to changes in permeability, perhaps accounting for the increase in Ca 2+ influx found by Viader et al. (2013) in DRG neurons treated with palmitoylcarnitine. Alternatively, acylcarnitines may interact with membrane proteins, including ion channels, and perturb the permeability of neuronal membranes through these interactions. Whether axons are particularly vulnerable to these lipids is another important question, particularly in light of a growing number of studies indicating that degenerative mechanisms in axons versus somatodendritic compartments may be quite distinct. Finally, in light of Viader et al. (2013) 's findings linking mitochondrial dysfunction to the ISR through the activation of protein kinase HRI, a key question is what is the molecular link between this kinase and machineries controlling lipid synthesis and fatty acid b-oxidation. In this respect, the fact that ISR suppresses the synthesis of both proteins and lipids is particularly intriguing.
Previous reports on dorsal and ventral hippocampal regulation of context learning versus anxiety have been mixed. In this issue of Neuron, a new study by Kheirbek et al. (2013) using optogenetics demonstrates that dentate gyrus granule cell activity in dorsal hippocampus encodes contextual fear learning while ventral granule cell activity regulates anxiety behavior.
The principal role of the hippocampus in the formation of new memories has been the primary focus of neuroscience research for many years, but it has become increasingly clear that this limbic structure also plays a broader role in information processing and behavior. For example, early neurobiological theories considered the hippocampus an integral part of the neural circuitry of emotional experience, and neuroimaging studies demonstrate that hippocampal dysfunction occurs more frequently in psychiatric illnesses such as depression, bipolar, and anxiety disorders. However, the involvement of the hippocampus has also been viewed as ancillary, with no specific role in emotion beyond general inhibitory learning and the consolidation of memory regardless of its emotional content (LeDoux, 2000) .
A possible explanation for this divergence of functions is evidence that operations of the hippocampus may be uniquely distributed across its longitudinal axis (Figure 1 )-which could help rectify the view of the ''cognitive'' versus ''emotive'' hippocampus. The dorsal subregion of the hippocampus in rodents (or posterior hippocampus in primates) receives multimodal information by way of the association and entorhinal cortices and has a preferential role in spatial learning and memory (Moser et al., 1995) . The ventral subregion in rodents (or anterior hippocampus in primates) receives extensive connections from the amygdala and hypothalamus and is intimately involved in anxiety, fear, and stress responses, and inactivation of the ventral but not dorsal hippocampus reduces anxiety-like behavior in rodents (Bannerman et al., 2004) . However, evidence for this distinct specialization of function has not always been clear. For example, there is evidence that the ventral hippocampus can support spatial learning under certain circumstances (Loureiro et al., 2012) , and changes in anxiety-related behaviors have been observed following manipulations of the dorsal hippocampus (Engin and Treit, 2007) .
Previous studies using lesioning, electrical stimulation, or pharmacological approaches to study hippocampal function have been informative but have not been able to precisely determine how different hippocampal subregions or cell types influence specific behaviors. To unravel the function of the dorsal and ventral hippocampus with precision requires a method for the identification and manipulation of specific neural populations in real time in the awake animal. The combination of optics and genetic-encoding of light-gated protein channels (microbial opsins) represents an unparalleled approach for achieving gain-or loss-of-function across a range of timescales conducive for investigating the causal relationship between neural activity and discrete behavioral events.
In this issue of Neuron, Kheirbek and colleagues (Kheirbek et al., 2013) examine the role of the hippocampus in learning and anxiety behavior by using optogenetic targeting to preferentially stimulate or inactivate dentate gyrus (DG) granule cells (GCs) in either the dorsal or ventral regions of the hippocampus. The DG represents a logical site for inquiry because it is the primary target of cortical input to the hippocampal formation with 90% of incoming excitatory afferents rising from layer II pyramidal cells of the entorhinal cortex. To achieve control of GC activity, Kheirbek and coworkers took advantage of a proopiomelanocortin (POMC) Cre recombinase mouse line, which shows robust and restricted Cre expression to GCs of the DG. POMC Cre mice were crossed with a Rosa26-CAGstop-floxed mouse line that contained halorhodopsin, a yellow-light-activated chloride pump that causes hyperpolarization, or channelrhodopsin, a blue-lightactivated cation channel that causes neuronal depolarization.
Studies have consistently reported that the dorsal hippocampus is necessary for the acquisition of contextual fear but results on the ventral hippocampus have been mixed (Czerniawski et al., 2012; Richmond et al., 1999) . To address this, Kheirbek et al. (2013) examined the contribution of dorsal or ventral DG to fear learning by training mice on a onetrial contextual fear conditioning protocol. As mice explored the conditioning chamber during the 3 min period prior to a single mild foot shock, GC activity was suppressed by delivery of a constant yellow light through an implanted fiber optic cable into the hippocampal subregions of mice expressing halorhodopsin. They found that suppressing GC activity in the dorsal but not ventral DG during training significantly reduced freezing behavior when the animals were tested in the chamber without light stimulation 24 hr later. Interestingly, the encoding deficits appeared to be specific to contextual fear conditioning because inhibition of GCs from either subregion did not adversely affect cued (tone) fear conditioning. Next, the authors trained mice in an active place avoidance task that required that the subject learns to avoid a stationary shock zone on a rotating circular arena. Suppressing activity of dorsal DG did not affect initial performance on this task (i.e., the percentage of time spent avoiding the shock zone was similar for both groups). In the conflict variant form of this task, in which the shock zone is switched to the opposite side of the arena, suppression of dorsal GC activity impairs the ability of the animal to successfully discriminate between the two conflicting memories (i.e., memory for the new shock zone versus the old shock zone). The influence of altering ventral DG activity on context memory discrimination was not examined, although past work has found that the ventral hippocampus can modulate conflicting drives (avoidance versus approach), especially under conditions of high anxiety (Engin and Treit, 2007) . Nevertheless, the findings from these experiments clearly show that neuronal activity specifically within the dorsal DG is integral for contextual encoding and for discrimination of conflicting memories.
Surprisingly, optical stimulation of dorsal but not ventral GC activity (in mice expressing channelrhodopsin) during contextual fear encoding produced a similar decrease in freezing levels as observed with optical inhibition. How can these opposing effects on dorsal GC activity produce similar contextual encoding behavioral deficits? In vivo recordings and immediate early gene markers (i.e., c-fos or Arc) have reported that only a small number of GCs (1%-2%) are active during environmental exploration (Alme et al., 2010) . This ''sparse coding'' of GCs has important implications for context learning because it would permit contextual representations to be encoded by discrete nonoverlapping populations of granule cells (a process commonly referred to as ''pattern separation''). With this in mind, suppressing GC activity would be expected to inhibit contextual encoding, as observed, via blockade of the small number of targeted GCs, as well as many others, required for the contextual representations encoded by the DG-CA3 connection. Conversely, activation of a large number of GCs would promote wide spread interference due to the concurrent activation of numerous competing DG inputs onto CA3 neurons (Figure 1) .
Finally, Kheirbek et al. examined whether optical stimulation of the dorsal or ventral DG influenced innate anxiety behavior. To test this, the authors took advantage of the conflict between a rodent's drive to explore the environment and its fear of being in an openly exposed area. Using two widely used animal tests, the elevated plus maze and open field tests, they found that optical stimulation of ventral DG, which has extensive connections with brain regions involved in emotion and stress regulation, induced a robust and reversible anxiolytic effect (i.e., increased open arm entries in the plus maze). Importantly, optical stimulation of ventral GCs had no effect on general exploratory behavior in the open field, whereas dorsal GC stimulation increased exploration in both the plus maze and open fields. These findings led the authors to suggest that the dorsal DG is more involved in modulation of exploratory behavior whereas the ventral DG is more attuned to the regulation of anxiety-related behavior.
Although the findings of Kheirbek et al. (2013) add to our understanding of the functional role of the hippocampus, there are still several remaining questions, including the role of other subfields of the hippocampus as well as target regions. The experimental manipulations in this study were specific to the DG, leaving the possibility that other hippocampal regions (such as CA1 or CA3) might also play important roles in cognitive or emotional function. Indeed, the dorsal CA1 subfield is reported to influence the retrieval of contextual memories, as well as the acquisition of fear extinction (Hunsaker and Kesner, 2008; Ji and Maren, 2008) . Interestingly, gene expression patterns provide further support for a functional differentiation of the hippocampus along its longitudinal axis (Fanselow and Dong, 2010), with groups of genes differentially enriched in CA1 (Wfs1), CA2 (Amigo), or CA3 (Coch) subfields (Allen Brain Atlas, http://www. brain-map.org). Subregion-specific promoters could be used for optogenetic studies to stimulate (or inactivate) unique populations of hippocampal cells to determine their contribution to learning or anxiety behavior.
Regarding circuitry, while a role for the ventral DG in anxiety has been established, the targets through which this region exerts its effect on anxiety are not well understood. The ventral DG projects to several brain regions that have been implicated in emotional behavior (e.g., hypothalamus, amygdala, and medial prefrontal cortex). Because opsins are trafficked along axons, it is possible to optically stimulate and identify the distal projection targets of the ventral hippocampus that modulate innate anxiety. This technique has been recently employed to examine the role of basolateral amygdala efferents to the nucleus accumbens in motivated responding to reward (Stuber et al., 2011) . In addition, while the authors did not find a role of the ventral hippocampus in contextual encoding during fear conditioning, this region and its projections to the medial prefrontal cortex are important in fear extinction learning (Sotres-Bayon et al., 2012) . Optical stimulation could help further clarify the involvement of the ventral hippocampus in this unique form of associative learning.
Finally, the DG is one of the main sites of neurogenesis in the adult brain and decreased neurogenesis has been implicated in the development of mood disorders (Kheirbek et al., 2012) . Newborn neurons integrating into the adult hippocampal circuitry transiently exhibit enhanced excitability that enables contributions to circuit function and behavior. This raises the possibility that young GCs in the dorsal and ventral hippocampus may have distinct functions related to learning or emotional behavior. For the moment, further experiments will be necessary to determine if the effect of optical stimulation on learning or anxiety behavior in the current study reflects the differential stimulation of young granule cells across the dorsal and ventral axis.
The results of this study may have important implications for clinical illnesses, notably posttraumatic stress disorder (PTSD). For some returning combat veterans, the sound of a passing helicopter even in a nonthreatening environment can evoke the experience of combat that took place months or years earlier. The inability to properly ''contextualize'' traumatic events is considered one of the primary problems of PTSD. The current finding that inhibition of dorsal DG activity blocks the encoding of contextual information offers an important neurobiological framework for understanding how memory of a trauma can generalize to stimuli that resemble cues associated with the traumatic event. In addition, the observation that activation of ventral DG can suppress innate anxiety without adversely affecting learning or memory encoding provides new fundamental information. Targeting these mechanisms may serve as unique strategies to restrain the overgeneralization observed in PTSD and anxiety disorders.
In conclusion, the elegant work of Kheirbek and colleagues (Kheirbek et al., 2013) helps to pave the way toward a better understanding of the functional contributions of the dorsal and ventral DG to behavior and represents a prime example of how the combination of optics and genetics can assist in deciphering the inner workings of the brain.
In a crowded environment, how do we hear a single talker while ignoring everyone else? In this issue of Neuron, Zion Golumbic et al. (2013) record from the surface of the human brain to show how speech tracking arises through multiple neural frequency channels, both within and beyond auditory cortex.
Spoken language is a foundation of human society: billions of us use it every day, for most of our lives, to communicate nuanced information about our mental states. Unfortunately, background noise and other talkers often corrupt speech acoustics, especially when conversing in social environments such as a workplace, cafe, or sidewalk. But even in these cluttered scenes, we manage to segregate and selectively attend to just one talker. We may be dimly aware of other
